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A B S T R A C T
Dieiarv intake of inorganic arsenic, prev iou s ly assumed to be an i n s i g n i f i -

cant source of arsenic exposure in humans, was e s t imated for Canadian and
U n i t e d S t a t e s p o p u l a t i o n s . I n p u t d a t a i n c l u d e d arsenic c on t en t s o f various
food groups, a l i m i t e d historical database from the Ontario Mini s try of the
Environment measuring the percent inorganic arsenic in f o o d groups , and
f o o d c o n s u m p t i o n data. E s t ima t ed da i ly dietary intake of inorganic arsenic
ranges f r o m 8.3 to ] 4 ( i g / d a y in the U n i t e d S t a t e s and f r o m 4.8 to 12.7 u g / d a v
in C a n a d a for various age groups . T h e s e d a t a sugge s t that berween 21 % to409~c
of total d i e t a r y arsenic occurs in inorganic forms. U n c e r t a i n t i e s regarding total
arsenic in dairy p r o d u c t s in the d a t a set a p p l i e d here may account for observed
d i f f e r e n c e s berween U n i t e d S t a t e s and Canadian estimates. W h i l e e s t imate s
provided here are pre l iminary because of l i m i t a t i o n s in data on the p r o p o r t i o n
of inorganic arsenic in f o o d s , this analysis s u g g e s t s that dietary intake oi
inorganic arsenic is higher than is currently assumed. A d d i t i o n a l research i.c

needed to more f u l l y characterize inorganic arsenic concentra t ions in f o o d s .
F u t u r e s t u d y is also needed on the variabi l i ty of total and inorganic arsenic in
f o o d s and the b i o a v a i l a b i l i r y of d i e tary inorganic arsenic.
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Vest S c h o o l , and Aiicoin

I N T R O D U C T I O N
As the 20th most abundan t e l ement in the Earth's crust, arsenic has been

d e t e c t e d i n v ir tua l ly a l l f o o d s evaluated ( N A S , 1977; I r g o l i c , 1 9 9 2 ) . S p e c i a t i o n
analyses of arsenic have focused pr imari ly on marine : animals; l e s s data are
avai lab l e for marine p l a n t s and l e s s yet are a v a i l a b l e for terrestrial b i o ta and
f o o d s as consumed (Irgolic , 1992; P h i l l i p s . 199-4). (A separate manus cr ip t
f S c h o o f e l al, 1998] has been s u b m i t t e d p r e s e n t i n g r e s u l t s of s p e c i a t i o n
analyses of arsenic in yams and rice c o l l e c t e d in Taiwan. The re su l t s of these
analyses are new da ta that can be used to evaluate arsenic c onc en t ra t i on s in
yams and rice.) Arsenic in marine biota has been shown to occur predomi-
n a n t l y in non toxk organic f o rms (»' .« . , arsenobetaine and arsenochol ine; .
Because of the w i d e s p r e a d b e l i e f that most d i e tary arsenic also occurs in
nontox i c organic f o r m s , dietary intake of inorganic arsenic i s t y p i c a l l y c on s id-
ered to be i n s i g n i f i c a n t ( G u n d e r s o n , 1 9 9 5 ) . T h i s may not be the case.

A pre l iminary s t u d y of s p e c i a t e d arsenic in f o o d was c o n d u c t e d by the
Ontario M i n i s t r y of the Environment ( O M E ) . Resu l t s have been c i r cu la t ed in
internal memoranda (OME, 1 9 8 7 ) , but they have never been p u b l i s h e d . A
review of the OME ( 1 9 8 7 ) d a t a in l i g h t of report s evaluat ing the d a t a show?
that these d a t a have been w i d e l y m i s i n t e r p r e t e d because of an inaccurate t a b l e
in a w i d e l y c i ted U . S . Environmental P r o t e c t i o n A g e n c y (EPA) report ( U S E P A ,
1 9 8 8 ) . 1 For e xampl e , a l t h o u g h OME did not analyze any p o t a t o e s or veg-
e t a b l e s , the da ta have been ci ted as i n d i c a t i n g that arsenic in yams (USEPA.
1 9 8 8 ) and v e g e t a b l e s ( M u s h a k a n d G r o c e t u , 1 9 9 5 ) occurs pr imar i ly in organic
forms. T h i s p a p e r p r e s e n t s t h e f i n d i n g s o f t h e ' 1 9 8 7 O M E s t u d y a n d a p p l i e s
them to prov ide pr e l iminary e s t imat e s of inorganic arsenic intake in t y p i c a l
U n i t e d S t a t e s and Canadian d i e t s .

S P E C 1 A T J O N ANALYSES C O N D U C T E D BY OME
To i d e n t i f y the r e l a t i v e p r o p o r t i o n s of inorganic and organic arsenic in

f o o d s , OME analyzed 15 sampl e s of f o o d for total arsenic and for inorganic
and organic arsenic forms. T h e s e analyses were carried out by the Ontario

T a b l e E-] of U S E P A ( 1 9 8 8 ) c i t e s the OME s t u d y p r e s e n t e d here as the source of
e s t i m a t e s of the p e r c e n t a g e of inorganic arsenic in f o o d groups that EPA a p p l i e d
in d e r iv ing t o x i c i r y value s for arsenic. N o n e o f the EPA inorganic arsenic p e r c e n t -
ages match those d e t e c t e d by OME. EPA e s t i m a t e s for s a l t w a t e r . f i s h ( 0 % ) , rice
( 3 5 % ) , and cereals ( 5 5 % ) are c l o s e lo those d e t e c t e d by OME (i.e., EPA e ' s u r r i a i e s
are w i th in 5 — ] 0 p e r c e n t a g e p o i n t s o f those p r e d i c t e d by OME d a t a ) . H o w e v e r , EPA
e s t i m a t e s for milk ( 7 5 % ) and p o u l t r y ( 6 5 % ) a p p e a r to be the inverse of those
d e t e c t e d by OME for mi lk ( 2 6 % ) and p o u l t r y ( 4 1 % ) , EPA e s t i m a t e s f or f r u i t
( 1 0 % ) does not agree with the p er c en t s u g g e s t e d by OME d a t a (73%), and. there
were no OME analyses for p o t a t o e s or v e g e t a b l e s and thus these EPA e s t i m a t e s (of
90% and 95%, r e s p e c t i v e l y ) are u n e x p l a i n e d .
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Research F o u n d a t i o n (ORF) for the OME. M e d i o d d e v e l o p m e n t was r epor t ed
in one t e chnica l memorandum (OME 1986) and r e su l t s in a second ( O M E .
1 9 8 7 ) . '
M e t h o d s

T o t a l and specmed arsenic were measured in 15 homogenized f o o c1 s ampl e s
(OME, 1 9 8 6 ) A J O i o u g h on* one s a m p l e was analvzed for each f o o d all bu
f o u r of the f o o d s a m p l e s were analvzed m d u p l i c a t e or t r i p l i c a t e (,,, all e x c ep ,

to 7 g ( d e p e n d i n g on :
^asujcu into 125-ml f l a s k s , 20 ml c oncen tra t ed n i t r i cand iai c o n t e n t ) ^^.^ were warmed until the i n i t i a l reaction s u b s i d e d ,

acid was a d d e d , an ^ a d d e d . and the s o l u t i o n s were evaporated to l i g h i
S u l f u n c acid m v, ^^ necessary to prevent charring or loss of s a m p l e ,
f u m e s of sullu™ * p e r c h l o r i c acid (2 ml) and ni tr i c acid (5 ml) were thenni tr i c acid was aaaeo. j ti ,dd d the mix ture was evaporated to de s t roy residual organic material ano
excel remaining perchlor i c a c id , and s a m p l e s were a l lowed to cool. Deionized

( ] 0 m l ) a n d h y d r o c h l o r i c acid ( 5 m l ) were then a d d e d . T h e s o l u t i o n ?
rmed to d i s s o l v e p r e c i p i t a t e d s a l t s , c o o l ed , and d i l u t e d to volume

(25 ml) F i n a l l y , th e s o l u t i o n s were reduced f r o m the p e n t a v a l e n t t o the
trivalem s t a t e u s ing p o t a s s i u m i o d i d e and analyzed for t o t a J arsenic by h y d r i d e
a t o m i c ab sorpt ion.Analv s e s ior s p e c i a t e d arsenic began by d i g e s t i n g s ub sampl e s of the f o o d ?
analvzed for to tal arsenic us ing hvdro ch l or i c acid (25 ml of a 50% s o l u t i o n )
and hydrobromic acid (1 ml) and then r e f l u x i n g s ampl e s in a Bethge d i s t i l l a -
tion a p p a r a t u s for 5 to 15 minut e s until 20 ml of d i s t i l l a t e could be c o l l e c t e d .
T h e n an a d d i t i o n a l 20 ml of hydro ch l or i c acid was a d d e d , and 20 ml more of
the d i s t i l l a t e was c o l l e c t e d . Condenser s and receivers were r insed, and the
r insa t e was a d d e d to the combined d i s t i l l a t e .

—, I n o r g a n i c arsenic was reduced to the trivalem state during d i s t i l l a t i o n and
c o d i s t i l l e d with the acid mixture. D i s t i l l a t e s c onta ining the inorganic arsenic
were combined with ni tr i c acid (5 ml) and s u l f u r i c acid (2 m l ) , and the
s o l u t i o n s were evaporated to f u m e s of s u l f u r i c acid. A f t e r c o o l ing , water
(]0 ml) and h y d r o c h l o r i c acid were a d d e d and the s o l u t i o n s were d i l u t e d t o
25 ml for h y d r i d e g enera t i on a tomic a b s o r p t i o n analysi s .

Organic arsenic was d e t ermined by t a k i n g the r e s i d u e s in the d i s t i l l a t i o n
f l a s k : a d d i n g c o n c e n t r a t e d n i t r i c ( a p p r o x i m a t e l y 2 0 m l ) , s u l f u r i c ( 2 m l ) , a n d
p e r c h l o r i c (5 ml) a c i d s ; evapora t ing to f u m e s o f p e r c h l o r i c a c id; , d i l u t i n g : and
d e t e c t i n g with hydr id e g enera t i on a t o m i c ab s o rp t i on . OME ( 1 9 8 6 ) ment ion?
p o s s i b l e breakdown of organic arsenic during the d i s t i l l a t i o n s t e p and not e?
tha t evapora t ing the d i s t i l l a t i o n f l a s k to dryness could cause f u r t h e r decompo-
s i t i on of organic c ompound s .

The p r i n c i p a l i n v e s t i g a t o r , R o l a n d \ V e i l e r , has retired and cou ld not be c o n t a c t e d ,
c o n s e q u e n t l y , some d e t a i l s of the p r o c e d u r e s are unknown.
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Results
T o t a l arsenic c onc en tra t i on s in the f o o d s analyzed ranged f r o m 0.01 1 m g / k g

in pastry f i o u r to 4 m g / k g in sole ( T a b l e 1; all s a m p l e : r e s u l t s are r epor t ed aj
wet w e i g h t , e x c e p t as i n d i c a t e d ) . I n o r g a n i c arsenic c onc en tra t i on s ranged
f r o m 0.0042 m g / k g in vanilla ice cream to 0.1 m g / k g in rice and shrimp, and
organic arsenic c o n c e n t r a t i o n s ranged f r o m u n d e t e c t e d in a variety of f o o d s
to 0.52 m g / k g in canned shrimp. The perc ent inorganic arsenic in these
f o o d s , c a l c u l a t e d here by d iv id ing the average inorganic arsenic for a s p e c i f i c
f o o d by the total arsenic for that f o o d , J ranged f r o m 1 % for marine f i s h e s to
100% for meat (based on sampl e s of pork and pa s t rami). When da ta were
ava i lab l e for several f o o d s f r o m a f o o d group (i.e., in the:case of meat , s a l t w a t e r
f i s h , a n d c e r ea l s) . t h e average f o r that f o o d group w a s also c a l c u l a t e d ( T a b l e ] ) .

I N T A K E O F I N O R G A N I C A R S E N I C
M e t h o d s used in e s t i m a t i n g dietary intake of inorganic arsenic in U n i t e d

S t a t e s and Canadian p o p u l a t i o n s are described in the f o l l o w i n g sec t ions.
United S t a t e s Diet

T o t a l arsenic intake f r o m a typical d i e t in the U n i t e d S l a t e s was c a l c u l a t e d
f r o m d a t a c o m p i l e d by the U . S . F o o d and Drug A d m i n i s t r a t i o n (FDA) on f o o d
c o n s u m p t i o n p a t t e r n s and to tal arsenic c onc en t ra t i on s in f o o d s . F o o d con-
s u m p t i o n p a t t e r n s for U n i t e d S t a t e s p o p u l a t i o n s were based on FDA market
basket surveys for 1982 through 1990. T h e s e surveys prov id e c on sumpt i on
rates for 11 general f o o d groups that r epre s ent the d i e t s o f U n i t e d S t a t e *
p o p u l a t i o n s in three age categories: i n f a n t s (0 to 6 m o n t h s ) , t o d d l e r s (6 months
to 2 years), and a d u l t s (18 years and o l d e r ) (Borum, 1992; Gunder son , 1995).
FDA also report s total arsenic concentra t i on s d e t e c t e d in f o o d s that corre-
spond with the ca t egor i e s evaluated in the c on sumpt i on surveys ( G u n d e r s o n ,
1 9 9 5 ) . F o o d s were prepared for cooking, cooked, d i g e s t e d with nitric , p er ch l o-
ric, and su i fur i c acids, and analyzed with hydride generat ion a tomic absorp-
tion. In a background document prepared by EPA (Borum, 1 9 9 2 ) , f o o d
c o n s u m p t i o n da ta were combined with FDA measurements of total arsenic
c onc en t ra t i on s in f o o d s to e s t imat e total arsenic intake s of 21.5 j a g / d a y ioi
i n f a n t s , 27.6 u g / d a y f o r t o d d l e r s , and 52.6 f i g / d a y f o r a d u l t s .

T o derive t h e inorganic arsenic intake e s t imat e s i n T a b l e 2 , t h e P D A ' s to ta l
arsenic e s t ima t e for each f o o d group p r e s e n t e d in Borum ( 1 9 9 2 ) was m u l t i -
p l i e d by the OME e s t imat e s of the perc ent inorganic arsenic for- the corre-
s p o n d i n g f o o d groups ( T a b l e ] ). Certain FDA c a t e g o r i e s did not have an exaci
counterpart in the OME ( 1 9 8 7 ) s tudy. S p e c i f i c a l l y , no OME d a t a were avail-

For some sampl e s , l e s s than 100% of the to ta l arsenic was recovered as inorganic
arsenic. \Ve c a l c u l a t e d inorganic arsenic as a p er c en t of to tal arsenic, based on the
a s s u m p t i o n that unrecovered arsenic was e i th er in c o m p l e x organic f o r m s , or if
pre s en t as inorganic arsenic, it would not be b i oava i lab l e .
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T A B L E 1 . S P E C I A T E D A R S E N I C D A T A F R O M O N T A R I O
M I N I S T R Y O F T H E E N V I R O N M E N T

A r e e m c Concent i e t ior .
F o o d C a t e p o r y I N ) T o t a l _ _ _ I n o r g a n i c . D r p a n i c

% I n o r p a n i c
A r s e n i c 1

M i l k a n d Dairy p r o d u c t s ( a v e r a g e )
V e n i l l s i ce cream leverage ot r e p l i c a t e s !

F i r s t r e p l i c a t r
S e c o n d r e p l i c a i f

0.016 O.OO42 <0.00r
0.003E <C.OO-i
0.004P <o.oc;

26

Meat (average;
P o r k I c u r e c J , average o f r e p l i c a t e s !

F i r s t r e p l i c a t e
Second r e p l i c a t e

Pas trami ( a v e r a g e o f r e p l i c e t e s !
F i r s t r e p l i c a t r
Secono r e p l i c a u
T h i r d r e p l i c a t e

P o u l t r y ( a v e r a g e !
C h i c k e n (average o f r e p l i c a t e s !

F i r s t r e p l i c a t e
S e c o n d r e p l i c a t e

F i s h ( s a l t w a t e r ) l e v e r a g e ]
S o l e
T u n s

F i s h ( f r e s h w a t e r ) ( a v e r a g e )
P i c k e r e l ( a v e r a g e o f r e p l i c a t e s .

F i r s t f e p l i c a t c
S e c o n d r e p l i c a t r

T O O
: 0.013 0.01E <0.007 14i

0.013
o.oi;
0.024 0.024 <O.OOE 9t
0. 023
0.024
0.02E

1 0.022 0.0090 0.01 5
41
41

0.021
0.023

2
1
1

.5E 0.024 2.E
« 0.022 4.4

1.1 0.02£ 1.2

i 0.14 0.02: o.oee
0.019
0.024

1
1

2
15
I t
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Yost , S c b o o f . and Aucoin

TABLE 1. (cent.)

F o o d C a t e p o r v I N ;
S h e l l f i s h

S h r i m p (average ol r e p l i c a t e s ) •
F i r s t r e p l i c a t e
S e c o n d r e p l i c a t t

Rice l ev erage ol r e p l i c a t e s ! '
Fir s t r e p l i c a t r
Second r e p l i c a t t

C e r e e l s (average t o r a l l )
" S p e c i a l 1C* (average ol r e p l i c a t e s ) 1

F i r s t r e p l i c a t r
S e c o n d r e p l i c a t r

Bread ( w h o l e wheat, average ot r e p l i c a t e s ) 1
F i r s t r e p l i c a t e
Second r e p l t c a t r

P a s t r y f l o u r (averaoe ot r e p l i c a t e s ) 1
F i r s t r e p l i c a t r
Second r e p l i c a t r

F r u i t
A p p l e j u i c e 1

V e g e t a b l e s
P o t a t o e s

A r s e n i c Concentration % I n o i p a n i c
T o t e ' I n o r g a n i c O r p a n i t A r s e n i c '

j 16
O.BE o.ic O.E: ie

0.12
0.086

0.24 . o.i o.ie 1 __ 4£
0.24 o.i
0.23 0.1

49
0.27 0.070 O . I E 26
0.3

0.23
0.024 0.01 2 < 0.006 BO

0.01 1
o.oi;

0.011 0.007£ <O.OOS 6f
0.01 1
0.011

73
0.012 O.OOBE <0.002 73

N A
- . - NA
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TABLE 1. I c o n t . )

A r s e n i c Concen tra tor , S t I n o r p a n i t

l e e
___ F - o o d C e t e p o r t _____

t ev erape ot r e p l i c a t e s >
F - i r s t r eohca t e
S e c o n o r e p l i c a t e

( N ) T o t a l
1 0.03f

0.03E
-

1 0 .1F

I n o r p a n i r
0 . 0 0 9 ' .
0.0091
<o.o:

0.11

O r g a n i c A r s e f i i r '
0.02E
0.02t
<o.c;

o.o? 1

26

T7!
N o l f . V»iue« expre»«eo »• m g / k p we! we ipht .

. not analvie^
OME . Ontario M i n i s t r y o( th» f c n v i r o n m e n t

• A r a e n i c concenmnion aew •>« teoroaoced f r o m OME (19871. F e r c e m recovery eno
p f i c e n l morparuc ereenic were c a l c u l a t e d by the present autnon.

' t s t i m a t e d trom OME d a t a by d i v i d i n g i n o r p a n i c arsenic c o n c e n t r a t i o n by t o t a l arsenic
c o n c e n t r a t i o n s , boxee value* r e p r e s e n t the ent ire loco g r o u p , other values r epr e s en t
i n d i v i d u a l 1ooes.
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T A B L E 2 . D I E T A R Y I N T A K E O F A R S E N I C I N
U N I T E D S T A T E S A N D C A N A D I A N P O P U L A T I O N S

C h i l d r e n
U.S

I n t e n t
F o o d C a t e g o r y
Dairy
Meat
P o u l t r y
F i s h ( s a l t w a t e r )
F i s h ( f r e s h w a t e r )
S h e l U . s r .
Legume; 1

H i c f c

C e r e a l t
F r u i t
V e g e t a b l e ; '
P o t a t o e s *
T e t
O t h e r t o o d j '
T o t a l *
T o u l i without dairy*

T o t a l
13.4

O.f
0.4

o.e
o.e
0.0
1.7
0.3
1.7
2.1
i.:
o.:
Nf-
0.?

21. E
8.1

I n o r g a n i c
3.E
O.E
0.1
0.0
0.0
0.0
o.e
0.1
O.E
i.e
o.e
0.1
N A
0.2
8.3
4.7

. Die t ' C a n a d i a n D i e t '
T o d d l e r

T o t B l
8.E
O . f -
1.1
6.0
0.4

O.E
0.4
1.1
Z.i
1.P
1.2
O.E
N A
2.E

27 .e
19.1

I n o r o a r a c
2.2
O.E
0.4
0.1
0.1,
0.1
0.2
0.5
1.2
1.4
0.6
0.4
N A
1.3
9.4
7.1

A p e s 1-4
T o t a l

1.1
O.f
o.e
6.7
o.e
o.e
0.2
0.7
I . E
1.1
o.:-
o.e
0.0
0.7

16.1
14.0

• I n o r g a n i c
0.3
O.f
0.3
0.1
o.-,
0.1
0.1
0.3
0.9
O.t
0.1
0.4
0.0
0.4
4.6
4.f
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T A B L E S , i c on t .)

A d u f c
C a n a d i a n Die:

f-ooo C e t e p o r v
Dairy
M e a i
P o u l t r y
F i s h ( s a l t w a t e r )
F i s h ( f r e s h w a t e r )
S h e l l f i s h
Ltgumei'
R i c e '
C a r e a l B
F r u i l
V e p e t e b l e ? '

P o t a t O B f '
l e e
Other f o o d s
7o t» l l
1 o ta l s without dairy1

U S Die'.' Women
l o t e ' I n o r g a n i c T o t a l

4.7 1.1 O.t
2.C 2.t 2.1
2.1 O.E 1.1

23.S 0.3 17.E
1.E 0.1 0.3
l.S 0.3 3.E
o.e 0.3 o.i
i .:- O.E i .e
3.1 1.E 2.4
1.7 1.3 O.E
3.3 1.E 0.7
I.I O.E 0.7
N * N A o . f

4.7 2.4 i.f
52.e 14.0 34.4
47.S 12.7 33.E

20-3S-
I n o r p a n i c

O.I
2.1
O.E
C.I
0.1
o.e
0.1
0.7
I . I
o.e
0.3
O.E
o.r
O.E
8.1
7.E

Men
T o t a l

O.E
3.E
l . f

33.3
l .C
6.;
0.3
l . S
3.E

' 1.0
O.E
1.4

O.C

3.E
59.E

20-3E
tnoroenic

o.:
3.E
0.7
O.t
0.1
1.0
c.;
O.F
1.7

O.E
0.4
l.C
o.;
l .E

12.7

foomems on n«jn p»pm.
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T A B U 2. <ct>nt.l

N o l i : V B I U B C expru««o e j ^ / g / o a y .
PDA - U . S . f o o d and Drup Aomini s i r e t i on

• no oata a v a i l a b l e
O M f • Onurio MiniBtry of the Environment

' E s t i m a t e s Dosed on p er c en tage s of inorpani c arsenic f r o m OME l u n l e t s o t h e rw i s e n o t e d !
combined with PDA market basket consumption values tor 19B2 to 1990 enc to ta l arsenic
c o n c e n t r a t i o n s u r e p o n e d in borum ( 1 9 S 2 ) . Infants are up to 6 months, toodier* are 6 month*
to 1 years, anc a d u l t s are IE years and o l d e r .
b Es t imate s b&BfiQ on percemep.es of inorganic arsenic f r o m OME (unle s s otherwise n o t e d )
combined with t o t a l arsenic c o n c e n t r a t i o n s 1rom the C a n a d i a n H e a r t h Protec t ion Branch anc
i n t a k e f r o m N u t r i t i o n Canada as r epor t ed in Dabeta et al. (19931. l o t a l s for each f o o d g r o u p ir.
Dabeke el el. 1 1 9 9 3 ) were uwd in these e s t i m a t H and the overall sum tor all lows does nol
match the overa l l sum in Dabeka ft tl. ( 1 9 9 3 1 .

' No l e p u m e s or vege table s were measured by O M E : 47% inorpanic artenic ouumec
leverage of rice ano c erea l s in O M E ) .

c P D A c a t e g o r y f o r ' m i x t u r e m a i n l y grain* used i n e s t imate s f o r U . S . p o p u l a t i o n ! .
' No p o t a t o e s were a n a l y z e d by OME: 76% i n o r p a n i c arsenic assumed beseo on tht
everege i n o r g a n i c arsenic D e t e c t e d in yams in S c h o o l ft el. ( 1 9 9 7 } .
1 Other f o o o s were assumed to contain 60% i n o r g a n i c arsenic, baseo on the average of ell
f o o d s analyzed by OME of 46%.

' C o n c e n t r a t i o n s of t o t a l arsenic in d a i r y in U . S . p o p u l a t i o n s are uncer ta in because of a h i g h
number of u n d e t e c t e d values in d e t a s e t . See taxi.
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T A B L E 3 . C O M P A R I S O N O F T O T A L A R S E N I C D E T E C T E D I N
OME AND DABEPCA »t •/. ( 1 9 9 3 )

•

. ___ ___ Foofl C a t e g o r y - _____ _
Milk and Dairy F-rooucu l e v e r a g e !

V a n i l l a ice creerr.
Me»i l e v e r a g e !

Pork icureO!
P a s t r a m i

P o u l t r y ( a v e r a g e !
C h i c k e n

F i i h n e l i w a t e r ) (average!
F i s h ( f r e s h w a t e r ! l e v e r a g e )
S h e l l f i s h
Rice l e v e r a g e )
C e r e a l s ( a v e r a g e )
F r u i t ( a p p l e j u i c e )
V e g e t a b l e s
P o t a t o e s
Tee

O M F *
A v e r a g r

-
0.01E

-
o.oi :•
O.O24

_
0.02Z
2.S50
0.14C
0.650
0.23E
0.100
0.011

-
-

O.O3E

Dabeka et e l . ( 1 9 9 3 ) '
A v e r a p t
O.O03E
O.OOE
0.02E
O . O I f
0.014

0.02E
0.047
3.0E
0.4E
2.04

0.097
0.011

0.0060
O.O053
0.09E

O.O021

Range
0.004-0.02E

O.OO07-0.010
<rO.O01-0.53E
O.OOB1-0.02E
O.OO62-0.037
< 0.001 -0.1
0.018-0.1
1.85-4.83

0.077-1. 3E
1.01-4.2

0.075-0.36E-
<0.0001-0.142
0.0046-0.0094
<0.0001-0.03E
< 0.0001 -0.044
O.OOO4-O.OOB1

O M E V D a b e l u
erel. 1 1 9 9 3 )

A v e r a g e r
-

3.2
-

0.7
1.7
_

0.£
o.e
0.3
0.3
2.4
9.E
2.0
-
-

16.7

N o t e : V a l u e s e x p r e s s a s m e / k g we t we igh t .
All veluet are averages of r e p l i c e t e s or everepes of toods in the group except a p p l e j u i c e ,
which is a s i n g l e value.
- - oata not a v a i l a b l e
OME • O n t a r i o M i n i s t r y ot the E n v i r o n m e n t

* S e e T a b l e 2 l o i s p e c i f i c p r o d u c t s 1iom t h e s e f o o d c a t e g o r i e s en e ly i ed b y O M E .
' F o o d s were s e l e c t e d f r o m Debek e e r a / . ( 1 S 9 3 ) t h a t most c l o s e l y a p p r o i m e i e d f o o d s analwec i
by O M E .
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a b l e for l egume s or v e g e t a b l e s ; an e s t i m a t e of 47% inorganic arsenic waj
a p p l i e d to these f o o d s based on the average p er c en tage of inorganic arsenic
d e t e c t e d in rice and cereals. Because no OME data were ava i lab l e for p o t a t o e s
the e s t i m a t e of average inorganic arsenic in vams of 76% f r o m S c h o o f a ai.
( ] 9 9 8 ) was a p p l i e d here. The FDA category o f "other f o o d s , " which i n c l u d e d
d a t a for o i l s , beverages ( o t h e r than those prepared f r o m dairy or f r u i t p r o d -
u c t s ) , c o f i e e , and a d d i t i o n a l f o o d s , vas assumed to contain 50% inorganic
arsenic based on the average of the OME per c en tage s for all f o o d ca t egor i e s
analyzed. T h e s e c a l c u l a t i o n s y i e l d e d total U n i t e d S t a t e s dietary intake esti-
mates for inorganic arsenic of 8.3 f i g / d a y for i n f a n t s , 9.4 ^ ig /day for t o d d l e r s ,
and 14.0 | i g / d a v f or a d u l t s ( T a b l e 2). I n t a k e e s t imat e s that e x c l u d e arsemr
intake f r o m dairy p r o d u c t s are also p r e s e n t e d in T a b l e 2 because of uncertain-
t i e s in the e s t i m a t e s for tha t f o o d ca t egory (see Discussion b e l o w ) .
Canadian Diet

T o t a l arsenic intake in the typica l Canadian d i e t was r epor t ed by Dabeka ei
al. ( 1 9 9 3 ) , who summarized age- and s e x - sp e c i f i c c o n s u m p t i o n rate d a t a for
112 f o o d ca t egorie s r epre s en ta t iv e of the Canadian d i e t and corre sponding
to tal arsenic concentrat ions . C o n s u m p t i o n d a t a were c o l l e c t e d by the N u t r i -
tion Canada Survey of the Canadian Department of H e a l t h and W e l f a r e . T o t a l
arsenic c o n c e n t r a t i o n s in f o o d s a m p l e s f r o m the 112 f o o d categories were
c o l l e c t e d f r o m six Canadian c i t i e s and c o m p i l e d by the Canadian T o t a l Die:
Program. F o o d s a m p l e s had been prepared f or c o n s u m p t i o n , h o m o g e n i z e d ,
and then d i g e s t e d in ni tr i c acid prior to measurement of to tal arsenic by
graph i t e furnace atomic absorption.

The intake of total arsenic averaged over the six Canadian c i t i e s ranged
f r o m 15.1 u g / d a y for ch i ldr en ages. 1-4 to 59.6 f i g / d a y for a d u l t men ages
20-39. The overall average for the ent ire p o p u l a t i o n was 38.5 j i g / d a y ( D a b e k s
etal, 1 9 9 3 ) .

To derive the inorganic arsenic e s t imate s in T a b l e 2, the total arsenic
c onc en t ra t i on s for the f o o d categorie s r epor t ed in Dabeka el al. ( 1 9 9 3 ) were
m u l t i p l i e d by our e s t imate s of percent inorganic arsenic in the c orr e spond ing
groups ( T a b l e 1 ) . T h e s e c a l c u l a t i o n s y i e l d e d e s t i m a t e s o f total Canadian
di e tary in take of inorganic arsenic of 4.8 U g / d a y for c h i l d r e n age? 1-4.
8.1 u g / d a y ior women ages 20-39, 12.7 u g / d a y f o r a d u l t men ages 20-39. and
8.3 u g / d a y for all ages combined.

D I S C U S S I O N
The analyses p r e s e n t e d in thi s p a p e r s u g g e s t t ha i inorganic arsenic com-

pri s e s a p p r o x i m a t e l y 20% to 40% of to ta l d i e t a r y arsenic intake. A d d i t i o n a l
research is n e ed ed to con f i rm these e s t i m a t e s . Cerea l s , rice, and f i s h , i d e n t i -
f i e d as r e l a t i v e l y impor tan t sources of to tal arsenic in the diet (Dabeka el al.,
1993; G u n d e r s o n , 1 9 9 5 ) , were well characterized in the OME data set and
a p p e a r to be i m p o r t a n t sources of inorganic arsenic as we l l . The e s t i m a t e s for
rice and f i s h are also s u p p o r t e d by other s tud i e s . S c h o o f el al ( 1 9 9 8 ) f o u n d an
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average of 68% inorganic arsenic in s p e c i a t i o n anaJvse s of seven rice s ampl e s .
N o r i n et al ( 1 9 8 5 ) r epor t ed 5% to 229o inorganic arsenic in f r e s h w a t e r f i s h .
and a review bv S h i o m i ( 1 9 9 4 ) repor t ed inorganic arsenic in sa l twat er f i s h
ranging f r o m 0% to 3?c.

A d d i t i o n a l inorganic arsenic data on other r e l a t i v e l y large die tary arsenic
sources such as dairy p r o d u c t s (i.e.. mi lk with a range of fat content)... beef (i.t.,
hamburger or s t e a k ) , p o u l t r y («•«., e g g s ) , and p o t a t o e s would reduce uncei-
taintie s associated with the use of the OME d a t a set. A l t h o u g h f r u i t s ana
v e g e t a b l e s do not a p p e a r to be primary c on tr i bu t or s to to tal die tary arsenic
intake, i n f o r m a t i o n on the p r o p o r t i o n that is inorganic would be u s e f u l ui
c o n d u c t i n g human h e a l t h risk a s s e s sment s where consumpnon of homegrown
produc e is oiien e v a l u a t e d . W h i l e arsenic intake f r o m home-grown produc e is
o i t en di srmssed as being irrelevant because only nomoxic organic f o rms are
nretem these l i m i t e d d a t a sugge s t f u r t h e r evaluat ion i s warranted.

D a t a ' i n T a b l e 2 sugges t U n i t e d S t a t e s d ie tary in take o f inorganic arsenic i s
higher than Canadian intake. The most comparable age categorie s between
the rwo d a t a sets are U n i t e d S t a t e s t o d d l e r s (6 months to 2 years o l d ) , with z
d a i l v inorganic arsenic intake of 9.4 Ug, and 1-4 vear old Canadians, with z
d a i l y intake of 4.8 u.g. A l t h o u g h the inorganic arsenic intake e s t i m a t e for
U n i t e d S t a t e s a d u l t s , 14.0 u g / d a y , was similar to that for Canadian men ages
20-39, 12.7 f i g / d a y , the e s t imat e for U n i t e d S t a t e s a d u l t s was higher than
e s t i m a t e s for Canadian women ages 20-39 (8.1 u . g / d a y ) . The s ing l e large s t
d i f f e r e n c e in intake of inorganic arsenic between U n i t e d S t a t e s and Canad ian
p o p u l a t i o n s appear s to be f r o m milk and dairy p r o d u c t s . U n i t e d S t a t e s intake
values range f r o m 1.2-3.5 p , g / d a y , whi l e intake in Canadian p o p u l a t i o n ?
ranges f r o m 0.2-0.3 u g / d a y ( T a b l e 2) . T h i s categorical d i f f e r e n c e a p p e a r s t o
be large enough to account for most of the overall d i f f e r e n c e in intake ( T a b l e
2). The summary of PDA data used in the current e s t imate s (Borum, 1992) did
not a l low an exact comparison of c on sumpt i on rates for dairy p r o d u c t s in
U n i t e d S t a t e s and Canadian p o p u l a t i o n s . A summary of U n i t e d S t a t e s con-
s umpt i on rates e s t ima t ed f r o m 1980-1982 FDA data ( G a r t r e l l e t al, 1 9 8 6 )
s u g g e s t s , however, that d i f f e r e n c e s in intake f r o m dairy p r o d u c t s may be
r e l a t e d t o h igher c o n s u m p t i o n rates o f these p r o d u c t s in U n i t e d S t a t e s p o p u -
l a t i o n s . G a r t r e l l e t a l . ( ] 9 8 6 ) r epor t ed h i g h e r average d a i l y c o n s u m p t i o n ra t e s
o f dairy p r o d u c t s f or U n i t e d S t a t e s a d u l t s (761 g) than were r e p o r t e d by
Dabeka et al. ( 1 9 9 3 ) for al! Canadians (442 g), Canadian women ages 20-39
(291 g), or Canadian men ages 20-39 (425 g). V e r i f i c a t i o n of summary d a t s
on c o n s u m p t i o n rate s f o r dairy p r o d u c t s in U n i t e d S t a t e s p o p u l a t i o n s w o u l d
be u s e f u l because this f o o d ca t egory is an i m p o r t a n t c o n t r i b u t o r of d i e t a r y
arsenic: however, c o n s u m p t i o n rate d i f f e r e n c e s alone do not a p p e a r to be
s u f f i c i e n t to exp la in the d i f f e r e n c e s in the rwo da ta sets.

Observed d i f f e r e n c e s in in take of arsenic f r o m dairy p r o d u c t s may be due
to uncer ta int i e s in the total arsenic concentra t ions derived f r o m the FDA
summary used here (Borum, ] 9 9 2 ) where to ta l arsenic concen tra t i on s were
derived f r o m the average of the d e t e c t e d s a m p l e , e x c l u d i n g any n o n d e t e c t e d

H u m . Ecol. Risk Assess. V o l . 4, No. 1, 1998 . 149



l o s t , &cnoo l , and Aucoin

s a m p l e s f r o m the e s t imate . Because there were very few total arsenic d e t e c t i o n s
in dairy p r o d u c t s , to tal arsenic averages based s o l e l v on d e t e c t e d s a m p l e s mav
have re su l t ed in an overestimate of total arsenic concentrat ions . Data sets io;
other f o o d groups had a much smal l er p r o p o r t i o n oi n o n d e t e c t e d s a m p l e s
and are l e s s l i k e l y to be overes t imates . E s t i m a t e s derived by Dabeka ei at.
( 1 9 9 3 ) used d e t e c t i o n limits in c a l c u l a t i n g averages i n c l u d i n g . n o n d e t e c t e d
s a m p l e s and thus , these e s t imate s are also l e s s l i k e l y to overes t imate concen-
t ra t i on s of to ta l arsenic in dairy p r o d u c t s . C a l c u l a t i o n s of inorganic arsenic
intake e x c l u d i n g intake f r o m dairy p r o d u c t s show much c lo ser agreement
berween U n i t e d S t a t e s a n d Canadian p o p u l a t i o n s ( T a b l e 2 ) .

A p p l i c a t i o n o f inorganic arsenic da ta f r o m the 15 i n d i v i d u a l f o o d type s
analyzed by OME to derive e s t i m a t e s of inorganic arsenic intake for all f o o d s
prov ide s preliminary e s t ima t e s that need to be con f i rmed by a d d i t i o n a l s tud-
ies. V a r i a b i l i t y of to ta l arsenic among f o o d s within a f o o d group (e.g., s p e c i f i c
dairy p r o d u c t s within the milk and dairy f o o d g r o u p ) analyzed by Dabeka et al
( 1 9 9 3 ) o f t e n spans an order of m a g n i t u d e , while data f r o m OME are only
avai lab l e for one f o o d each f r o m the dairy, f r u i t , and p o u l t r y categorie s . In
a d d i t i o n , some f o o d groups (e.g., l egumes , p o t a t o e s , v e g e t a b l e s ) were noi
r e p r e s e n t e d among the f o o d sampl e s analyzed by OME; the use of ex trapo-
l a t e d values f r o m other f o o d groups to repre s ent these f o o d groups may
under- or overe s t imate inorganic arsenic exposures.

Very few s tud i e s of arsenic f o r m s in f o o d have been p e r f o r m e d , and con-
cerns have been raised that the s trong acid d i g e s t i o n s used in analyses of
organic and inorganic arsenic could break down organic arsenic c o m p o u n d s
( M u s h a k and C r o c e t t i , 1 9 9 5 ) . N e v e r t h e l e s s , v i r t u a l l y al l the s p e c i a t e d arsenic
recovered in f i s h was pre s ent in organic f o r m s (i.e., the average percent
organic arsenic c onc en tra t i on was 99.6% in two marine f i s h s a m p l e s and one
shr imp s a m p l e ) ( T a b l e 1). T h i s issue i s d i s cu s s ed in more d e t a i l in S l a y t o n e i
al. ( 1 9 9 6 ) and in S c h o o f etaL ( 1 9 9 8 ) .

A l t h o u g h OME analyzed a l imi t ed number of i n d i v i d u a l f o o d s , the a v a i l a b i l -
i ty of r e p l i c a t e s ampl e s and the r e l a t i v e l y good agreement of r e p l i c a t e s s t r ength-
ens the OME f i n d i n g s . Eleven of the 15 f o o d s analyzed by OME were analyzed
in d u p l i c a t e or t r i p l i c a t e for e i ther total or inorganic arsenic, with percent
d i f f e r e n c e s in r e p l i c a t e s ranging f r o m 0% to 29% ( T a b l e 1). The good agree-
ment berween to ta l arsenic c onc en t ra t i on s r epor t ed by OME and by Dabeka
et al. ( 1 9 9 3 ) also s u g g e s t s that the OME d a t a set a c c u r a t e l y r epr e s en t s arsenic
c o n c e n t r a t i o n s . Average total arsenic c o n c e n t r a t i o n s measured by OME are
g e n e r a l l y wi th in a f a c t o r of three of average c o n c e n t r a t i o n s measured for
those f o o d s by Dabeka et al. ( 1 9 9 3 ) . T o t a l arsenic d e t e c t e d in all but three of
the f o o d s analyzed by OME were within the range r e p o r t e d by Dabeka et al.
( 1 9 9 3 ) ( T a b l e ' 3 ) . "

At the time of p r e p a r a t i o n of this manuscript, the authors did not have d a t a
needed to c onduc t a s imi lar compari son of t o t a l arsenic in s p e c i f i c f o o d s analyzed
bv PDA
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Risk assessment of inges t ed arsenic is based on t o x i c i t y values derived f r o m
a p o p u l a t i o n exposed 10 arsenic in drinking water. A b s o r p t i o n of arsenic f r o m
soil is l e s s c o m p l e t e than the ab sorpuon oi arsenic f r o m water ( F r e e m a n a. al.,
1995: Groen el al, 1994; Ruby ei al, ] 9 9 6 ) . Arseni c in f o o d mav a J s o have
l i m i t e d b ioavai lab i l i ry. To accurate ly e s t imate exposure to inorganic arsenic in
f o o d , it is necessary to determine the absorpuon of arsenic f r o m dietary
sources. Research on the b i oava i lab i l i rv oi arsenic in f o o d s a m p l e s would
prov ide d a t a l o more a c c u r a t e l y assess the importance of d i e iary arsenic
intake.

C O N C L U S I O N ' S
The OME data set p u b l i s h e d here was used by EPA as a basis for e s t i m a t e s

of d ie tary intake of inorganic arsenic used in d e v e l o p i n g t o x i c i t y values for
i n g e s t e d ' a r s e n i c . W h i l e e s t imate s prov ided here are pr e l iminary , because o f
l i m i t a t i o n s in the OME d a t a set and uncertaint i e s in total arsenic in dairv
p r o d u c t s in the U n i t e d S t a t e s , this analysis s u g g e s t s that die tary intake of
inorganic arsenic is higher than prev iou s ly assumed. A d d i t i o n a l research is
needed to more f u l l y characterize inorganic arsenic c onc en tra t i on s in f o o d
types . F u t u r e s t u d y is also needed on the var iab i l i ty of total and inorganic
arsenic in f o o d s and the b i o a v a i l a b i l i t y of die tary inorganic arsenic.
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